We construct a broad panel with aggregate data for 94 countries over the period 1970-2014 from the latest version of the Penn World Tables (PWT) dataset, version 9.0. We estimate the elasticity of substitution between capital and labor based on the linearization of a Constant Elasticity of Substitution (CES) production function.
Introduction
The recent growth literature documents a declining global trend in labor shares. Karabarbounis and Neiman (2014) provide evidence that labor shares around the world have declined by five percentage points since the early 1980s. Similarly, Elsby et al. (2013) suggest that the labor share in the U.S. has been declining over the past 25 years. Earlier work by Bentolila and Saint-Paul (2003) provide evidence of a fall in labor shares for OECD countries.
Perhaps the most shinning work in this literature is Piketty's (2014) exhaustive treatment of the historical evolution of capital and wealth, in which he suggests that the capital share in national income is increasing over time and, consequently, that the labor share is decreasing over time. The same point is made in Piketty and Zucman (2014) . Piketty (2014) suggests that one force pushing for the decline in labor shares is the increase in the capital-income ratio. Accordingly, an increase in the capitalincome ratio reduces the rate of return on capital, however, the reduction in the return to capital is less than proportional to the increase in the capital-income ratio, so that the capital share in national income increases and, consequently, the labor share declines.
Implicit in Piketty's (2014) argument is a constant elasticity of substitution (CES) production function, in which the capital share is an increasing function of the capital-income ratio. For the capital share to be an increasing function of the capital-income ratio, the elasticity of substitution between capital and labor, henceforth denoted by σ, must be greater than one.
It is important to note that for Piketty's (2014) explanation to hold up, he needs σ to be greater than one. If σ is unitary, then factor shares are constant and independent of the capital-income ratio. If σ is lower than one, then the capital share is a decreasing function of the capital-income ratio and, therefore, an increase in the capital-income ratio will increase labor shares, contrary to Piketty's claim. Karabarbounis and Neiman (2014) provide a different explanation for the decline in labor shares. According to them, about half of the decline is explained by the fall in the relative price of investment goods. The fall in the relative price of investment goods induced firms to use capital more intensively than labor.
Interestingly, in the Karabarbounis and Neiman (2014) model, a reduction in the relative price of investment goods causes a fall in labor shares only if σ is greater than the unity. If σ is unitary, the relative price of investment does not affect the labor share, and if σ is lower than one, then a reduction in the relative price of investment increases the labor share.
Although Karabarbounis and Neiman (2014) , and Piketty (2014) suggest different explanations for the decline in labor shares, in both cases, for their story to hold up they need σ to be greater than the unity. That is, whether the elasticity of substitution is above or below the unity is key issue in the declining labor share literature.
The elasticity of substitution is also a key parameter in another strand in economic growth, in the so-called development accounting literature. This literature commonly employs the Cobb-Douglas production function as representative of the aggregate technology. As it is well known, the Cobb-Douglas restricts the elasticity of substitution to be unitary. Therefore, imposing the Cobb-Douglas assumption should rely on having empirical evidence of a unitary elasticity of substitution.
Additionally, as shown in Caselli (2005) , if the elasticity of substitution is low enough and technological change is non-neutral then differences in factor inputs can account for the bulk of the cross-country variability in income per capita. Therefore, as argued in Caselli (2005) , not only it is important knowing whether σ is unitary or not, it is also important to know if the empirical value of σ is below or above the unity. The problem is that there is little consensus over the empirical value of σ.
In this article, we estimate the elasticity of substitution between capital and labor based on the linearization of a CES production function, the so-called Kmenta linearization, after Kmenta (1967) . To carry out our estimation exercise, we construct a broad panel of countries over the period 1970-2014 with data from the latest version of the Penn World Tables (PWT) dataset, version 9.0. Our panel has a number of advantages over previous panels used in the literature. First, our panel is broader and longer than previous panels. We have data on forty-five years for 94 countries. Second, because our panel is broad, it is representative of the world economy and it can be used to test whether the Cobb-Douglas is a good description of the world aggregate technology. As mentioned above, this information should be Brazilian Review of Econometrics 37(2) November 2017 useful for development accounting exercises. Third, our panel is constructed from what is probably the most used dataset in economic growth, which makes any result we find potentially helpful for the whole growth literature.
Our main specification, using data from PWT 9.0 over the period 1970-2014, based on the Kmenta linearization suggests that σ is less than one, independent of whether the data is corrected for cross-country differences in human capital. We also find a less than unitary estimated σ for a panel with shortened time series dimension, i.e., one with data from 1980 to 2014. On the other hand, when we extend the time dimension of the panel we find estimates of σ that are either statistically insignificant or suggest that σ is above one.
We use alternative panels to check for the robustness of our estimates. In particular, we construct broad panels with data from older versions of PWT, such as versions 7.0, 6.3 and 6.1, and generate estimates of σ from them. For most of the alternative panels, we find estimates of σ that are below the unity, corroborating our initial findings.
The earlier empirical literature on the estimation of σ worked with time series or cross-section samples, usually with disaggregated data at firm or industry level. The recent empirical literature that uses panel methods to estimate σ, such as Chirinko and Mallick (2014) , and Oberfield and Raval (2014) , also work with disaggregated data at the sector or industry-level. Our approach relates more closely to the work of Duffy and Papageorgiou (2000) , because, first, like us, they use a broad panel with aggregate data at country level over an extended period (from 1960 to 1987) . Second, they also implement the Kmenta linearization. However, as we discuss below, we find estimates that are in sharp contrasts with theirs.
This article is structured as follows. In section 2, we briefly describe the role of the elasticity of substitution in growth models. In section 3, we review the empirical literature and the econometric issues in the estimation of the elasticity of substitution. In section 4, we discuss the construction of the dataset. Section 5 presents estimates of σ from the Kmenta linearization using data from PWT version 9.0 over the period 1970-2014. Section 6, presents estimates of the elasticity of substitution from alternative panels. Finally, section 7 concludes.
The Role of the Elasticity of Substitution in Growth Models
As pointed out in Solow (2008) , the elasticity of substitution is a fundamental parameter determining equilibrium characteristics in growth models. For instance, the neoclassical growth model, under certain conditions, can generate positive non-zero long run growth under a CES technology, in which the elasticity of substitution is constant but different from one. Furthermore, the elasticity of substitution can affect income distribution, the speed of convergence, and returns to capital. Below, we briefly review how the elasticity of substitution relates to factor prices, income distribution, and the relative price of investment goods.
We first show that for any production function with constant returns to scale the capital share is constant, if either, the economy is in long-run equilibrium, or the elasticity of substitution is unitary. Assume that Y = F (K, AL), is a production function with constant returns to scale, where Y is output, K is physical capital, L is labor, and A is labor-augmenting technological progress.
Since the production function has constant returns to scale we can write it in intensive form as Y = ALf (k), where f (k) = F K AL , 1 , and k is capital per effective labor. We assume that factor inputs are paid their marginal products, so that, r = f (k) and w = A[f (k) − kf (k)], where r is the rental rate of capital and w is the wage rate. We define the elasticity of substitution as σ = dk dp p k , where
, where M P L denotes the marginal product of labor, and M P K denotes the marginal product of capital. After some algebra, we can show that σ can be written as follows:
Using equation (1) and the definition of capital share,
can relate the elasticity of substitution with the time evolution of α:
Where the dot over the variable denotes its derivative with respect to time.
The above equation says that the capital share is constant if either the economy is in long-run equilibrium (i.e.,k = 0), or the elasticity of substitution is unitary On the other hand, Caselli and Feyrer (2007) provide evidence that capital shares correlate with income per worker, whereas Bentolila and Saint-Paul (2003) develop a model in which labor shares vary systematically with the capital-output ratio.
In any case, for the applied researcher interested in selecting the appropriate functional form for the representative aggregate technology for a broad sample of countries, variation in factor shares, whether systematic or not, is unimportant.
What really matters is to have a functional form that can capture variation in factor shares. In this case, the Cobb-Douglas assumption would be inappropriate, since it rules out any variation in factor shares.
An alternative approach to the Cobb-Douglas assumption is to model the aggregate technology as a CES production function such as the following:
Where Y is real GDP, K is aggregate physical capital, L is the number of workers,
A is the technology parameter, δ ∈ (0, 1) is the distribution parameter, and the parameter ρ ≥ −1 determines the elasticity of substitution between capital and labor, which is given by σ = 1/(1 + ρ). The restriction ρ ≥ −1 ensures that σ is positive. The capital share, denoted by α(·), varies with the capital-labor ratio, that is, we have that
labor ratio. The above CES production function first appeared in the literature in Arrow et al. (1961) .
The parameter δ determines the distribution of income between capital and labor for a given elasticity of substitution. It can be shown that wL/rK = (1 − δ)/δ(K/L) ρ , that is, for a given ρ, the distribution parameter determines the ratio between labor income and capital income.
As mentioned above, the properties of the neoclassical growth model with a CES can be rather different from the model with a Cobb-Douglas technology. For example, as shown in Mankiw et al. (1995) , the elasticity of substitution is an important parameter determining the time evolution of factor prices. More specifically, the time evolution of the returns to capital relates to the elasticity of substitution according to the following expression:
Where r denotes the rental rate of capital, y denotes the output per worker, and α is the capital share. Equation (4) states that return to capital varies negatively with the growth rate of output per capita. For example, for a Cobb-Douglas technology with α = 1/3, returns to capital decreases over time at a rate that is twice as fast as the growth rate of productivity. If σ = 2, then the rental rate of capital decreases at the same rate as the growth rate of productivity, whereas if σ = 0.5, then the rental rate of capital decreases at a rate that is four times the growth rate of productivity. This fact has implications for the return on capital differentials between economies. As it is well known, since Lucas (1990) , the neoclassical growth model predicts large capital returns differentials between rich and poor economies, and capital should flow to where returns are higher, i.e., to poor economies. However, this is not what we observe. Equation (4) establishes one way to reduce the gap between the model's prediction and the empirical fact, by increasing the elasticity of substitution. In the extreme case that the elasticity of substitution is infinity, returns to capital would be unrelated to the growth rate of productivity. Naturally, we must take account of what happens with the other factor price − the wage rate − when we change the elasticity of substitution.
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The time evolution of wages relates to the elasticity of substitution, according to the following expression:ẇ
Equation (5) states that the growth rate of wages is proportional to the growth rate of productivity. If the technology is a Cobb-Douglas then the growth in wages is the same as the growth in productivity. If σ = 0.5 the growth rate of wages is twice the growth rate of productivity, whereas if σ = 2 the growth rate of wages is half of the growth rate of productivity. Here we see that if a large σ reduces the predicted capital returns differentials across economies, it does the same for the wage rate. However, in this case we may run into trouble. We do observe that labor migrates from poor to rich economies, as predicted by the neoclassical model. Here the prediction of the model meets the empirical evidence. If we increase σ enough, then wage growth will be a fraction of the growth in productivity, weakening the prediction of the model about migration flows.
The recent literature on declining labor shares, e.g. Piketty (2014) , relates the elasticity of substitution with changes in income distribution. More specifically, Piketty (2014) assumes a CES technology of the form:
By setting ρ = (1 − σ)/σ in equation (3), we can obtain the production function in (6). Piketty's argument is that in the long-run, the return to capital falls less than proportionally to increases in the capital-output ratio, causing an increase in the capital share in total income. This effect only holds if σ is greater than one.
This can be seen from the production function in (6), and the capital share which is given by:
Looking at equation (7), we see that increases in the capital-output ratio increase the capital share only if σ > 1. 1 Here, we see clearly the need for σ to be greater than one for Piketty's argument to hold up. If σ < 1 then the capital share would be a decreasing function of the capital-output ratio and Piketty's argument would be reversed.
We can also relate changes in the capital-labor ratio with changes in the capital share. After some algebra, we can show that:
Equation (8) establishes that if σ > 1 then an increase in the capital-labor ratio increases the capital share. This implication is in line with Piketty's (2014) argument, in the sense that as the economy enters its capital deepening stage, provided that σ > 1, the share of capital in income increases.
In a two-sector model, we can link the elasticity of substitution with the relative price of investment. For example, Chirinko and Mallick (2014) assumes a production function like the one in equation (6), and explore the relationship between σ and the relative price of investment goods that arises from the first-order condition of the firm's maximization problem. Specifically, they equate the marginal product of capital to the relative price of investment goods. From the production function in equation (6), we have that:
Where PK /PY denotes the relative price of investment goods. From equation (9), we can write the capital-output ratio as a function of the relative price of investment
Equation (10) is the basis for the econometric specification in Chirinko and Mallick (2014) .
Empirical Estimates of the Elasticity of Substitution
The recent revival in interest in the empirical value of the elasticity of substitution between capital and labor is due in large part to the new literature on declining labor shares, associated with the important work of Piketty (2014) and Karabarbounis and Neiman (2014) , and the already established literature on development accounting, so expertly reviewed in Caselli (2005) .
Karabarbounis and Neiman (2014) document the decline in labor share since the early 1980s. Furthermore, they provide evidence that this decline is global in its reach, across countries and industries. This evidence suggests that a Cobb-Douglas technology cannot be representative of a broad sample. Karabarbounis and Neiman (2014) suggest that the decline in labor shares is associated with a decrease in the relative price of investment goods. They provide a two-sector model in which the elasticity of substitution is linked with the relative price of investment goods, and the labor share. They estimate this relationship and obtain estimates of the elasticity of substitution between capital and labor that are well above one, falling in the range (1.2, 1.50). Their estimation strategy to identify σ uses the cross-country variation in labor share trends and the relative price of investment trends.
Piketty (2014) argues along the same line as Karabarbounis and Neiman (2014) about the inadequacies of the Cobb-Douglas production function as representative technology. In addition, he argues that the elasticity of substitution between capital and labor should be greater than one. As we discuss below, the recent empirical literature disputes their finding.
Important work by Oberfield and Raval (2014) generate estimates of the elasticity of substitution between capital and labor for the U.S. manufacturing sector by aggregating the elasticity of substitution at individual plants. They show that the aggregate elasticity is a convex combination between the plant-level elasticity and the demand elasticity. They find that the elasticity of substitution at the aggregate manufacturing sector is around 0.70 and that it has been stable since the 1970s.
Additionally, they decompose the decline in labor shares in the manufacturing sector since 1970. They argue, as discussed above, that since the estimated σ is below one, the mechanisms highlighted in Piketty (2014) and Karabarbounis and Neiman (2014) for the decrease in labor shares, respectively, the increase in the capitaloutput ratio, and the fall in the relative prices of investment goods, would raise the labor share. Therefore, they suggest that that Piketty (2014) The earlier empirical literature on the estimation of σ uses either cross-section or time series samples. A classic reference is Berndt (1976) . In his study Berndt (1976) points out that estimates of σ generated from time series samples are, in general, lower than unity whereas estimates from cross-section samples are generally close to unity. Berndt (1976) suggests that one can reconcile this discrepancy by using high quality data and Two-Stage Least Squares estimation techniques. Berndt's dataset consists of a time series over the period 1929-1968 for the U.S. manufacturing sector.
According to his estimates, σ is close to unity and the Cobb-Douglas assumption is validated. Àntras (2004) claims that the assumption of Hicks neutrality used by Berndt suggest that σ is well below unity, in fact, close to 0.5.
One drawback of the time series studies is that they suffer from small sample bias. This is particularly problematic given the high persistence present in growth data. For instance, Àntras (2004) sample contains only 51 observations.
The availability of large datasets with aggregate macroeconomic data made possible the construction of panels for the estimation of σ with countries as the economic units (instead of firms, for instance). To our knowledge, the first study that estimates σ for a broad panel of countries is Duffy and Papageorgiou (2000) . They There are two concerns with their dataset. First, their measures of GDP and capital stock are not converted to PPP international dollars. Second, as discussed above, capital stock estimates are subject to large estimation errors, especially when constructed by the perpetual inventory method and using data in the relative distant past, as in the case of Duffy and Papageorgiou (2000) . Their capital stock series starts in 1960, and most likely is contaminated with the initial guess error problem.
In conclusion, the earlier empirical literature on the estimation of σ using time series samples find that σ is lower than one, whereas evidence from a panel with aggregated data suggest that σ is well above one. The recent literature using panels with disaggregated data, such as Chirinko and Mallick (2014) and Oberfield and Raval (2014) , generates estimates of σ that are well below one, whereas Karabarbounis and Neiman (2014) generates estimates of σ that are well above one.
Data
Our benchmark panel is constructed using the latest version of the PWT dataset, version 9.0. We initially work with a broad panel including 94 countries with data spanning over a 45-year period, from 1970 to 2014. We only select countries for which population is greater than or equal to 1 million in 1985.
As a robustness check, we also work with alternative panels. In particular, we extend and shorten the time span of our original panel, to 1960-2014 and 1980-2014, respectively. Additionally, we construct panels with data from older versions of the PWT, such as versions 7.0, 6.3, and 6.1. 
, where I0 is initial investment (measured as the investment in the first year for which data is available), g is the average growth rate in investment for the first year in which data is available until 1970, and δ is the depreciation rate which is set at 6%. Given K0, we use the aggregate capital accumulation equation, Kt = (1 − δ)Kt−1 + It, to construct the series for Kt.
The perpetual inventory method has the property that even if the initial estimate is incorrect, it will converge to the true value over time. However, a bad initial guess To construct the measure of human capital, we use the average years of schooling for the population 25 years old or older obtained from the Barro and Lee (2010) dataset. We assume that human capital H is given by H = e 0.1 * u L, where u is the average years of schooling and L is the number of workers. That is, we assume that the Mincerian coefficient of returns to education is 0.1 for all countries.
The Kmenta Linearization and Estimates of the Elasticity of Substitution
We can adapt the production function in (3) for a panel setting as follows. Denote by Yit the GDP of country i at time t, and using the same notation for capital and labor, we can write that Yit = Ait[δK
it ] −1/ρ . Furthermore, we assume that Hicks-neutral technological change evolves according to Ait = Ai0e λt , where Ai0 = e α i +ε it , and λ is the growth rate of technological change, αi is the countryspecific (unobserved) effect, and εit is the error term. In this specification, we assume that the growth rate of technological change is the same for all countries. An alternative specification would add a time-specific error in the technological change term, instead of a common time trend. Our estimates suggest that empirically it does not make a significant difference whether we assume a common time trend or a time-specific error term.
Taylor expanding the above CES production function around ρ = 0, as in Kmenta (1967) , we obtain the following expression:
log Yit = log Ai0 + λt + δ log Kit + (1 − δ) log Lit
We can write expression (11) in per worker terms as follows
Where ai0 = log Ai0, and kt = Kt/Lt is the capital per worker ratio. Recalling that ai0 = αi + εit and adding a constant term to equation (12), we obtain the following specification that can be estimated econometrically:
Where c is a common intercept, and αi denotes the unobserved country-specific effect. We use two estimators for equation (13) . First, we use the fixed effects (FE) estimator which transforms, for each cross-sectional unit, the variables by de-meaning them by their time-averaged value, thereby eliminating the endogenous country-specific effect. Second, we use an instrumental variables fixed effects (IVFE)
estimator. In the IVFE estimator, we apply the Two-Stage-Least-Squares procedure after the fixed effects transform. This estimator is applicable when, in addition to the endogeneity of the unobserved country-specific effect, the explanatory variables are endogenous. To obtain valid instruments for the IVFE estimator, as traditional in the growth literature, we use the one-period lagged explanatory variables. In this case, the instrument relevance requirement is easily satisfied given the high correlation between the explanatory variables over time. On the other hand, to
Brazilian Review of Econometrics 37(2) November 2017 satisfy the instrument exogeneity requirement we need to impose the assumption of strong exogeneity. That is, we need instruments that are uncorrelated with the error terms at all time periods (i.e., past, present and futures values of εit must be uncorrelated with the instruments). 2 This is a strong assumption which may apply in static models like the one we have in equation (13). In any case, as shown below, the IVFE estimator, in general, corroborates the estimates we obtain with the FE estimator, which suggests that any endogeneity in the explanatory variables, after the fixed effects transform is not overwhelming.
The parameters of interest in the estimation of equation (13) . Estimates of the standard errors of the parameters of interest can be obtained by the Delta method.
3 Table 1A presents FE and IVFE estimates of equation (13) using data from PWT 9.0 over the period 1970-2014, without correction for cross-country schooling differences. Columns (1) and (2) display fixed effect estimates of ρ with a time trend and with time dummies, respectively. In both cases, the implied estimate of σ is around 0.70, which is close to the number obtained by Aiyar and Dalgaard (2009) .
However, we cannot take this estimate at face value, because the estimated ρ is not statistically significant. Columns (3) and (4) display estimates of equation (13) from the IVFE estimator, with time and time dummies, respectively. In both cases, estimates of ρ are significant, and the implied estimates of σ are around 0.60. These estimates cast doubt on the Cobb-Douglas hypothesis.
Table 1B displays estimates of equation (13) using data from PWT 9.0, 1970 PWT 9.0, -2014 , where the variables are corrected for cross-country differences in schooling. Columns (1) and (2) display fixed effects of ρ estimates. In both cases, estimates of ρ have a t-stat of 1.7, that is, they are significant at 10%. Point estimates of σ are around 0.80, corroborating estimates in table 1A. Estimates from the instrumental variables fixed effects estimator in columns (3) and (4) suggest that ρ is approximately 0.2, highly statistically significant, and the implied elasticity of substitution is 0.83, numerically close to the fixed effects estimates. (1) and (2) are generated with the Fixed Effects estimator with a time trend (FE), and with time dummies (FE-TE), respectively. Estimates in columns (3) and (4) are generated by a fixed effects two-stage least squares estimator, with and without time dummies, denoted by IVFE and IVFE-TE, respectively. The instruments used in the IVFE estimation are the one-period lagged explanatory variables. That is, the instrument for ln(k) is its oneperiod lagged ln(k), and so on.
Overall the evidence in tables 1A and 1B suggests that ρ is statistically different from zero and that the implied σ is lower than one. This is in sharp contrast with previous panel estimates of the elasticity of substitution in the literature, such as those provided in Duffy and Papageorgiou (2000) , who find that σ is well above one, at approximately 1.5. In this sense, it is interesting to check to what extent our estimates hold up in the face of changes in the panel, such as the time span of the sample and the country list.
First, we generate estimates of equation (13) Note: Standard errors appear in parenthesis. There are 93 countries in the panel. All the variables are corrected for cross-country differences in schooling as described in section 4. Estimates in columns (1) and (2) are generated with the Fixed Effects estimator with a time trend (FE), and with time dummies (FE-TE), respectively. Estimates in columns (3) and (4) are generated by a fixed effects two-stage least squares estimator, with and without time dummies, denoted by IVFE and IVFE-TE, respectively. The instruments used in the IVFE estimation are the one-period lagged explanatory variables. That is, the instrument for ln(k) is its one-period lagged ln(k), and so on.
complete time series for the period 1960-2014. Columns (1) and (2) in Table 2A , present the fixed effects estimates of equation (13). In both cases, estimates of ρ are not statistically significant. Columns (3) and (4) exhibit estimates of equation (13) using the IVFE estimator. In this case, we obtain estimates of the elasticity of substitution that are well above one and statistically significant.
One issue with extending back the initial year of the sample period is related to estimates of the capital stock. As discussed in section 4, the perpetual inventory method generates estimates of the capital stock that may be subject to a bad initial guess. The effect of a bad initial guess dissipates over time. However, when we (1) and (2) are generated with the Fixed Effects estimator with a time trend (FE), and with time dummies (FE-TE), respectively. Estimates in columns (3) and (4) are generated by a fixed effects two-stage least squares estimator, with and without time dummies, denoted by IVFE and IVFE-TE, respectively. The instruments used in the IVFE estimation are the one-period lagged explanatory variables. That is, the instrument for ln(k) is its oneperiod lagged ln(k), and so on.
extend back the sample, we have less time-periods to dissipate the effects of a bad initial guess. Therefore, when we set the initial year of the sample period to 1960, we run the risk of having estimates of the capital stock with measurement errors, which can bias estimates of the elasticity of substitution. In this sense, we have less confidence in estimates generated from this panel. In any case, for the sake of completeness, we also generate estimates of equation (13) with correction for cross-country schooling differences. Table 2B displays estimates of equation (13) Note: Standard errors appear in parenthesis. There are 77 countries in the panel. All the variables are corrected for cross-country differences in schooling as described in section 4. Estimates in columns (1) and (2) are generated with the Fixed Effects estimator with a time trend (FE), and with time dummies (FE-TE), respectively. Estimates in columns (3) and (4) are generated by a fixed effects two-stage least squares estimator, with and without time dummies, denoted by IVFE and IVFE-TE, respectively. The instruments used in the IVFE estimation are the one-period lagged explanatory variables. That is, the instrument for ln(k) is its one-period lagged ln(k), and so on.
of substitution, while columns (3) and (4) display IVFE estimates. In all cases, estimates of ρ are not statistically significant. In the case of IVFE estimates, the implied values of σ are not even in the feasibility range (and therefore, not reported). Table 3A displays estimates of equation (13) for a shortened time dimension of the panel, from 1980 to 2014. In this case, the number of countries increase to 117. Columns (1) and (2) present fixed effects estimates, and columns (3) and (4) present IVFE estimates. Fixed effects estimator produces estimates of ρ that imply an elasticity of substitution that is below one, however, they are not statistically significant. Columns (3) and (4) present IVFE estimates of ρ that are statistically significant and imply a σ of approximately 0.60, which is consistent with our initial estimates in table 1A. (1) and (2) are generated with the Fixed Effects estimator with a time trend (FE), and with time dummies (FE-TE), respectively. Estimates in columns (3) and (4) are generated by a fixed effects two-stage least squares estimator, with and without time dummies, denoted by IVFE and IVFE-TE, respectively. The instruments used in the IVFE estimation are the one-period lagged explanatory variables. That is, the instrument for ln(k) is its oneperiod lagged ln(k), and so on. Table 3B displays estimates of equation (13) for PWT 9.0 data over the period 1980 to 2014 with corrections for schooling differences across countries. Columns (1) and (2) present fixed effects estimates, and produce an estimated ρ that is barely statistically significant. The implied fixed effects σ is approximately 0.80. Columns (3) and (4) present IVFE estimates. The IVFE estimator generates estimates of ρ that are statistically significant and imply an elasticity of substitution that is below one, around 0.83. These estimates are in line with our findings in tables 1A and 1B.
Brazilian Review of Econometrics 37(2) November 2017 Table 3B Kmenta Linearization -FE and IFFV Estimation -Panel PWT 9.0, N=113, 1980-2014, with correction for Human Capital. Note: Standard errors appear in parenthesis. There are 113 countries in the panel. All the variables are corrected for cross-country differences in schooling as described in section 4. Estimates in columns (1) and (2) are generated with the Fixed Effects estimator with a time trend (FE), and with time dummies (FE-TE), respectively. Estimates in columns (3) and (4) are generated by a fixed effects two-stage least squares estimator, with and without time dummies, denoted by IVFE and IVFE-TE, respectively. The instruments used in the IVFE estimation are the one-period lagged explanatory variables. That is, the instrument for ln(k) is its one-period lagged ln(k), and so on.
Based on our preferred estimates, in tables 1A and 2A, we have reasons to believe that σ is lower than one. This suspicion is confirmed by the estimates contained in tables 3A and 3B, but less so by tables 2A and 2B. Interestingly, Aiyar and Dalgaard (2009) suggest that the observed variation in factor shares is consistent with a CES with an elasticity of substitution of 0.8, which is numerically close to our preferred estimates.
Finally, if indeed σ is close to 0.8, as our estimates suggest, then the CobbDouglas assumption may cause some distortion in the development accounting exercises. However, given that it is relatively close to unity, it may not distort enough to change radically the qualitative conclusions of the accounting exercises. On the other hand, concerning the literature on declining labor shares, our estimates suggest that there is no empirical support to assume that σ is greater the one. In this case, if indeed σ is lower than one, as discussed above, all the conclusions of the declining labor share literature are reversed.
Robustness Check
In this section, we check for the robustness of our findings by estimating equation (13) using panels constructed from older versions of the PWT dataset. Table 4 displays fixed effects estimates of equation (13) for different versions of the PWT (versions 7.0, 6.3, and 6.1). All point estimates of σ are lower than one.
However, estimates of σ from columns (1) and (2) are not statistically significant.
Estimates in columns (3) and (4), from PWT 6.3, suggest that σ is around 0.9, close enough to the unity to justify the use of a Cobb-Douglas, but distant enough to the unity to provide support for the literature on declining labor shares as in Piketty (2014) and Karabarbounis and Neiman (2014) . Estimates of σ from PWT 6.1 are statistically significant and numerically close to the ones from PWT 6.3, at 0.87.
For the sake of comparison, we construct two panels with data from PWT 7.0 and PWT 6.3 using Duffy and Papageorgiou (2000) country list and estimate equation (13). Column (1) in Table 5 displays fixed effects estimates of equation (13) for a panel with data from PWT 7.0 over the period 1970-2008 for the Duffy and Papageorgiou (2000) country list. We find an estimate of σ that is not statistically significant. Columns (2) and (3) display fixed effects estimates of equation (13) Table 4 Linear Specification − Panel PWT 7.0, 1970 -2008 Panel PWT 6.3, N=100, 1970 -2007 and PWT 6.1, N=93, 1970-2000. data they use, rather than the selection of countries included in the panel or the sample period. Table 6 displays estimates of σ from PWT 7.0, PWT 6.3, and PWT 6.1 using panels in which all countries have completed time series for all variables in equation (13). That is, countries for which the time series start in 1950, which is the initial year in the PWT dataset. The idea is to discard the first 20 observations of the capital stock series estimated by the perpetual inventory method, to reduce to a minimum any estimation error arising from a bad initial guess. Although this strategy minimizes any bias coming from the estimation of the capital stock series, it does introduce its own bias by selecting only countries for which the data series are complete. These are, in general, the richer and more developed countries. Consequently, the estimated σ may be more representative of a sample of rich countries. 1970-2008 1970-2007 1970-2007 1960-1987 1960-1987 1960-1987 1970 -2007 and (4) display fixed effects estimates for Panel PWT 7.0, N=79, 1960 -1987 , while column (6) displays fixed estimates for Panel PWT 6.3 N=78, 1960 -1987 Columns (1) and (2) display FE and IVFE estimates of equation (13), respectively. In both cases, point estimates suggest that σ is around 1.10, although the fixed effects estimate is not statistically significant. Columns (3) and (4) displays FE and IVFE of equation (13) for the PWT 6.3, respectively. In both cases, point estimates of σ are well above one, however, only the IVFE is statistically significant.
Columns (5) and (6) display FE and IVFE estimate of equation (13) for PWT 6.1, respectively. Again, we find point estimates of σ that are above one, but only the IVFE estimate is statistically significant.
Finally, despite some sensitivity in estimates of σ, due to the selection of countries included in the panel, the sample period, and the data source, the robustness exercise put forth in this section largely corroborates our initial findings that suggest that the elasticity of substitution is around 0.8.
Brazilian Review of Econometrics 37(2) November 2017 Table 6 Linear Specification -PWT 7.0, N=59, 1970 -2008 PWT 6.3, N=61, 1970 PWT 6.3, N=61, -2007 and PWT 6.1, N=56, 1970-2000. (1)- (2) are generated from a panel with 59 countries over the period 1970-2008 using data from PWT 7.0. Estimates in columns (3) and (4) are generated from a panel with 61 countries over the period 1970-2007 using data from PWT 6.3. Estimates in columns (5) and (6) are generated from a panel with 56 countries over the period 1970-2000 using data from PWT 6.1. Only countries for which the physical capital series are initiated in 1950 are included in the panel. That is, we are discarding the first 20 observations of the physical capital series so that the data should be free of any initial guess error. Additionally, in the PWT dataset, countries with longer time series present data of better quality. The IVFE estimator use as instruments the one-period lagged explanatory variables.
Conclusion
We construct a broad panel with data on output per worker and capital per worker for 94 countries over the period 1970-2014 from the latest version of the Penn World Tables dataset. We generate estimates of the elasticity of substitution between capital and labor from a linearized CES production function, the so-called Kmenta linearization.
Our estimates suggest that the elasticity of substitution is around 0.8. We check for the robustness of our estimates by repeating the estimation exercise in panels constructed with data from older versions of the Penn World Tables. Although estimates of the elasticity of substitution are sensitive to the country list, sample period, and the data source, our robustness exercise largely corroborates our initial findings.
Finally, our findings have implications for two strands in the growth literature.
First, since our estimates suggest that the elasticity of substitution differs from unity, it suggests that a CES production function may be a better choice than the Cobb-Douglas as the aggregate representative technology in development accounting exercises. At a minimum, one should consider departing from the Cobb-Douglas assumption a useful exercise. Second, because our estimates suggest that the elasticity of substitution is below the unity, it casts doubt on many of the results in the global declining labor share literature that only hold true if the elasticity of substitution is greater than one.
